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▼Site-directed mutagenesis is a powerful molecular biolog-
ical tool for exploring structure−function relationships of
biologically important proteins. Although site-directedmu-
tagenesis methods based on PCR (Ref. 1, 2, 3) or using
double-stranded DNA (dsDNA) as a template are now avail-
able (Ref. 4, 5, 6), the site-directed mutagenesis method
developed by Kunkel (Ref. 7), which uses uracil-substituted
single-stranded DNA (ssDNA), is still widely used. We rou-
tinely use the Kunkelmethod to generate site-specific phage
T7 RNA polymerase mutants, as well as mutant libraries for
screening for specific phenotypes. The plasmid pDT7 we
use is derived from a multicopy pUC118, which contains
the T7 gene 1 encoding T7 RNA polymerase under the direc-
tion of the lacUV5 promoter. The most common problem
we encounter in generating mutants by the Kunkel method
occurs during the preparation of the uracil-substituted, ss-
DNA. When following the standard protocols provided by
Bio-Rad or described by Sambrook et al. (Ref. 8), which are
both based on the method of Kunkel (Ref. 7), we find that
little single-stranded plasmid DNA is produced. This leads
to failure of in vitro second-strand DNA synthesis. Modi-
fications based on suggestions within these two protocols
have little impact on the yield and quality of ssDNA in our
hands.
Here we describe a modified method to prepare ssDNA
that dramatically improves both quality and yield.
Protocol
1. A fresh colony of Esherichia coli CJ236 (Bio-Rad) con-
taining the plasmid in which the gene will be mutated,
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is inoculated into 3.0 ml 2× YT (per liter: 16 g Bacto-
tryptone, 10 g yeast extract, 5 g NaCl) in a 14ml culture
tube (Falcon), supplemented with chloramphenicol at
a final concentration of 30 µg/ml and ampicillin at a
concentration of 100 µg/ml. Helper phage M13 KO7
(Promega) is also added at the beginning at a concen-
tration of 1 × 107 to 1 × 108 pfu/ml. The culture is
shaken at 250 rev/min at 37◦C.
2. After an incubation period of 2 h, kanamycin is added
to a final concentration of 70 µg/ml. The culture con-
tinues to be incubated with shaking at 250 rev/min
overnight. Overprolonged incubation may cause con-
tamination of other ssDNA products.
3. At the end of incubation, about 1.5 ml of the culture is
used for preparation of ssDNA using either the standard
protocol (Ref. 8) or the M13 DNA purification system
(Promega). We find it is more convenient to use the
latter, in which the DNA is finally dissolved in 50 µl TE.
Two microliters of DNA is subjected to electrophoresis
on a 1% agarose gel (Fig. 1). The yield of ssDNA from
1.5ml of culture is 8.2± 4.3µg (n= 7), which is enough
for many site-directed mutagenesis experiments.
Compared with Kunkel’s standard method, the three
modifications made here are: (1) use of a fresh colony in-
stead of overnight culture; (2) addition of helper phage at
the onset of incubation, instead of after cells reach early log-
phase; and (3) incubation of the culture overnight instead
of for 6 h after adding kanamycin. The first two modifica-
tions may be advantageous to the activation of the phage
replication origin on the pUC118. The last modification
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FIGURE 1. Comparison of single-stranded DNA (ssDNA) produced
by the standard and the modified Kunkel method. DNA was analyzed
on a 1% agarose gel. Lane 1, preparation of the ssDNA of pDT7 (7.5
kb) by Kunkel’s standard method with helper phage M13 KO7 at a
multiplicity of infection of around 10. When this preparation is used, the
second-stranded DNA could not be successfully generated in vitro .
Lanes 2 and 3, preparation of the ssDNA of pDT7 (7.5 kb) by the
modified method, with the concentration of helper phage M13 KO7 at
1 × 107 pfu/ml, and 1 × 108 pfu/ml, respectively. When this preparation
is used, the second-stranded DNA could be successfully generated in
vitro (see Fig. 2). Lanes 4 and 5, preparation of the ssDNA of pUC118
(3.2 kb) by the modified method, with the concentration of helper
phage M13 KO7 at 1 × 107pfu/ml, and 1 × 108 pfu/ml, respectively.
may improve the yield of ssDNA. These modifications are
thus critical for the success of isolating single-stranded plas-
mid DNA.
There are apparently three advantages of this modified
protocol. First, it is effective. It gives a good yield of high
quality single-stranded plasmid DNA. Unlike that produced
by Kunkel’s standard method, this ssDNA can be used
to generate the second-stranded DNA in vitro successfully
(Fig. 2). This modified method can be used to prepare
large size ssDNA, in our case 7.5 kb, as well as relatively
small size ssDNA, such as 3.2 kb (pUC118) (Fig. 1). Sec-
ond, this modified method is simple, when used in con-
junction with the M13 DNA purification system. We use
it routinely to prepare ssDNA for site-directed mutagene-
sis experiments, as well as to prepare ssDNA from mutant
libraries for DNA sequencing. When this modified proto-
col is used for dideoxy DNA sequencing, typically, 96 ss-
DNAs can be isolated from a mutant library at one time
FIGURE 2. Analysis of the in vitro second-stranded DNA synthesis
with the single-stranded DNA (ssDNA) prepared by the modified
method of Kunkel. The in vitro second-stranded DNA synthesis
reactions were carried out according to the standard protocol (Ref. 8).
The reaction products were analyzed on a 1% agarose gel. Lane 1, uncut
plasmid pDT7 dsDNA. Lane 2, pDT7 ssDNA generated by the modified
method. Lane 3, control reaction with no primer. Lane 4, in vitro
second-strand DNA synthesis with 0.2 µg pDT7 ssDNA produced by
the modified method.
in a period of 2 days. Third, this modified method is reli-
able. It is reproducible and has been widely adopted in our
laboratory.
In addition to its use in site-directed mutagenesis
and DNA sequencing as mentioned above, this modified
methodmay also have applications in S1mapping and syn-
thesis of strand-specific probes for hybridization.
Note added in proof
While this article was in production, a previously published
article describing a similar approach but with a different
experimental aim and design was noted (Ref. 9).
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M13 DNA purification system: M13 DNA purifi-
cation system from Promega Corporation
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